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What is the Hapmap?

• The Human Genome Project gave the “average” DNA sequence of a 
human

• This helps us find out how a human develops and works
• Does not show us the DNA differences between different humans
• These differences explain

– Why people look and behave differently
– History of populations and ethnic groupings 
– Why some people are more susceptible to certain diseases

• The Hapmap is a catalogue of common DNA variation across the 
whole genome



Who is the Hapmap?

• An international consortium of genotyping, statistics, sample 
collection and ethics groups

– Canada, China, Japan, Nigeria, UK, US
• Total of 24 research groups
• Analysis by Oxford University, Wellcome Trust Centre for Human 

Genetics Oxford, Broad Institute, John Hopkins School of Medicine
• Data co-ordination by Cold Spring Harbor Laboratory
• Launched in 2002; 1st phase completed 2005

• Key publications
– Nature 426:789-796 (2003)
– Nature 437:1299-1320 (2005)
– http://www.hapmap.org



The raw data

• Genotypes on SNPs in four populations
• 30 trios (two parents and an adult child) from Yoruba, Nigeria

– Africans are less recent common ancestry than other continents
– More genetic diversity
– Less linkage disequilibrium
– Yorubans are possibly the founding population for non-Africans

• 30 trios from Utah with European ancestry (from CEPH families)
• 45 unrelated Japanese from Tokyo
• 45 unrelated Chinese from Beijing

– Japanese and Chinese turned out to be extremely similar

• Phase 1: one SNP every 5 kb, achieved 1,007,329 SNPs
• Phase 2: aims to genotype an additional 4.6M SNPs

– Most of the common variation in Yorubans



Applications of the Hapmap

• Selecting SNPs for disease association studies
– Tag SNPs
– Genomewide SNP panels

• Selecting SNPs for admixture mapping
– SNPs with different allele frequencies across populations

• Estimation of fine scale recombination rates
– Estimated from an assumed coalescent model
– Can estimate the rate without directly observing recombination

• Insights into natural selection
– Long haplotypes as candidates for natural selection
– Allele frequencies as conserved non-coding regions indicate purifying 

selection
• Developing methods for genetic association studies

– Access to “real” data to create simulations for testing new methods



Haplotype tagging

• Suppose we have a gene of interest and want to see whether it 
contains a disease causing variant

• We will genotype SNPs in the gene and compare allele frequencies
between disease cases and healthy controls

• Which SNPs should we genotype?
– Expensive to resequence gene and genotype every variant
– Better to find SNPs from the Hapmap – which covers most common 

variation
– SNPs are correlated, so some SNPs can be predicted by the others
– Pick a few SNPs which contain most of the diversity in the gene
– These are called tag SNPs

• Tag SNPs are a cost effective way of scanning many genes
– Even the whole genome



Browsing the Hapmap
• “Browse project data” from Hapmap home page
• First select a genome region

• Then choose which features to display



Chromosome overview

View the gene density, genotyped SNP density, dbSNP density etc



View LD pattern

• Select “plugin: LD plot” and “genotyped SNPs”

See how SNPs seem to group into blocks of high LD

We don’t have to genotype all the SNPs in each block



View genotyped SNPs

• At high resolution 10kb, see the allele frequencies in the four populations

• At low resolution, see the density of genotyped SNPs



Download genotype data

• Download from the project data browser

• Select population and save to disk

• Saved in a format that can be read by Haploview
– But not many other programs



Download using HapMart

• HapMart is graphical tool for exporting genotype and other data from 
Hapmap

• Saved in a more easy to read format
– But not directly usable by many programs



Haploview

• Haploview is a stand-alone program that is developed by HapMap 
partners

– Not officially part of HapMap, but well integrated with it
• Can read genotype dumps from HapMap
• Linkage disequilibrium plots
• Haplotype frequencies and blocks
• Marker quality scores
• Selection of tag SNPs
• Association tests

• Not the fastest program around, nor including all the best methods
• But a good starting point for analysing SNPs

– As the authors admit
– Bioinformatics 21(2):263-5



Haploview LD plot and haplotypes

• Display D’ or r2 values

• Display haplotypes in blocks and LD between blocks



Choose tag SNPs with Haploview

• Can force a SNP to be included or excluded
• Can select which SNPs to be tagged
• Show which tag SNPs tag which other SNPs



ENCODE regions
• Ten regions selected for Encyclopedia Of DNA Elements
• More complete discovery of common and rare SNPs
• Used to compare the Hapmap data to a more complete database

– Assessment of completeness of the Hapmap
• Each region 500kb in length, resequenced in 48 subjects

• Density of SNPs is 10-fold higher in ENCODE regions
– 1 SNP per 279 bp
– Hapmap may only have 10% of all SNPs

• Most SNPs are rare: 46% with allele freq<5%
• But most heterozygous sites within individuals are due to common variation
• Uniform distribution of allele frequency in the main HapMap

– Due to ascertainment bias in chosing common SNPs

• HapMap is suficiently complete for non-African populations
• Should be complete for Africans after phase 2



Limitations of HapMap

• Population specific
– Conclusions about the pattern of LD are specific to the four populations
– Particularly relevant to African populations
– Selection of tag SNPs and genomewide panel is population specific
– However, similar conclusions between the four populations in HapMap

• Common variation
– Conclusions about allele frequencies, natural selection biased by 

ascertaining common variation
– Less of a concern in ENCODE regions
– Less of a problem in phase 2

• Focus on SNPs
– Insertion/deletion, copy number polymorphism may have relevance to 

common disease
• Questionable power of tag SNPs for association studies

– Recent paper by Terwilliger & Hiekkalinna, Eur J Hum Genet 14:426-37



The future

• Phase 2 will be a more complete catalogue
• Genomewide association scans

– Test loci across whole genome for disease association
– Sufficiently dense map to detect LD with all disease loci
– Minimal sufficient set of SNPs can be determined

• Population transferability and extension to other populations
• Development of better methods for genomewide analysis

The end
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